PYPRRPETL

| Hnmada 1.4 P

?Il AN 4
e P/
UNAVA-U-“"" Py

(L 113!348#9’4 fé""

NACA -,

Lot o JATL.

"

6-F~ 57

RESEARCH MEMORANDUM

for the
Air Materiel Command, Army Air Forces

ALTITUDE-WIND~TUNNEL INVESTIGATION OF PERFORMANCE
OF SEVERAL PROPELLERS ON YP-47TM AIRPLANE
AT HIGH BLADE LOADING

I - AEROPRODUCTS H20C~162-X11M2 FOUR-BLADE PROPELLER

By Martin J. Saari and Lewis E. Wallner

Aircraft Engine Research LaboraEQR REFERENCE

Cleveland, Ohio
CLASSIFIED DOCUP-IEN T
This document contains classified information affect-
ing tixe Nutional D:fense of the United States witiipT TO B2 TAK: ‘N FROM THIS ROOM

uie rzearing of the Esn onage Act, USC £0:31 and 32

Its tramimission or fie reszlation cf itz coitents in
Fryoon :":"'** ta = gracthorited p-r.om s prohibited
t L o- Iulormodion so classificd may be imparted

T ¥ g;:,s-nsmﬂxenxhtaryandnavalSemces of
-- dre United States, appropriafe civilian officers and
eropicvers of the Federal Government who have a
pamit timaze fnlerest therein, and to United States citi-
7o ot jmaem loyalty and discretion who of Decessity
oucal be informed thcreof

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS wuavaz .,

WASHINGTON N a o

0CT 11 1946 ”Tr{iiugp Ry




("

' NACA RM No. E6T24

Lib)

I

1435 0

311

T

"‘NATTONAL, ADVISORY COMMITTEE FOR ARRONAUTICS

"TH! EHM | UNAvALLaL

RESEARCH MEMORANDUM

for the
Alr Materilel Command, Axmy Air Forces
AT TTUDE-WIND-TUNNEL, INVESTIGATION OF PERFORMANCE OF SEVERAL
PROPELLERS ON YP-47M ATRPLANE AT HIGH BLADE TOADING
I - AEROPROTUCTS H20C-162-X11M2 FOUR-BLADE PROPELLER

By Martin J. Seari and Lewis E. Wallner

SUMMARY

An Investigation was made in the Cleveland Altitude wind tumnel
to dotermine the performance of an Aeroproducts H20C-162-X11M2 four-
blade propeller on & YP-47M airplane at high blade loadings and high
engine powers. The propeller characteristics were obtained for a
range of power coefficiembts from 0.30 to 1.00 at free-stresam Mach
numbers of 0.40 and 0.50. The results of the force measureménts are .
indicabive only of trends in propeller efficlency with changes in i
pover coefficlent and advance-diameter ratic hecause unknown inter-
forence effects exiated during the investigation.

At a free-stream Mach numbor of 0.4C, the envelope of the effi-
clency curves decreased about 8 percent between advance-diameter
ratios of 1.80 and 4.20. Nearly constant meximum effliciencies were
obtained at power coefficients from 0.30 to 0.60 for advance-diameter
ratiog from 1,70 to 2.40. The advance-dlameter ratio for peek effi-
ciency increased as the power coefficient was increased. For advance-
dlameter ratios below 2,90 the propsller efficiency decreased rapidly
at power coefficients above 0.60 apparently caused by blade shall.

In the range of advence-diameter rabtios gbove 2.90, the propeller
afficlency improved as the power coefficlent increased,

At a free-stream Mach nurmber of 0.50, the envelops of the effi-
clency curves decresased about 11 percent bebtween advance-diesmeter
ratios of 2.40 and 4.40. An increese in power coefficient from 0.30
to 0.80 at an advance~dliameter ratio of 2.40 hed little effect on the
propeller efficlency. A change in power cocfficient from 0.40 to 1.00
at an advance~dismeter ratioc of 4.40 increased the propeller efficiency
by about 40 poercent.

BRI UNAVAILABLE
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For conditions below the stall the thrust loading on the oubtboard
blade sections increased more rapidly than on the inboard sectlons es
the power coefficient was increased or as the advance-diamcter ratio
was decrocased. For conditions beyond the sta’l the thrust loading
decrecased an the outboard sections and increased on the inboard
sections. -

INTRODUCTION

Propeller investigations conducted in NACA wind tunnels at high
blade loadings (power coefficients up to 1.8), low airspcods, low
cnglne powers and low propeller rotational speeds are reported in
roferonces 1 to 3., Other studles made in flight at high airspoeds,
ongine powers and engine mpceeds but at relatively low power coeffi-
cients (up to 0.40) are reported in references 4 to 7. Developments
in aircraft power plants providing high powers at high altitudes make :
necesgary the investigatlon of propeller verformance at high power
coefficients, engine powers, propeller rotational speeds and relaetively
high airspeeds.

An investigation of the performance characteristics of several
propellers on the YP-47M airplane at high blade loadings has been
conducted in the Cleveland altitude wind tumnel at the reguest of the
Air Materiel Command, Army Alr Forces. As part of this investigation
the efficiencies and blade thrust load distributions were determincd
for the Aeroproductes H20C~-162-X11M2 four-blade propeller over a wide
range of operating conditions. Similar deta are being obtained on
other pronellers.

The range of power coefficlents covered was from 0.30 to 1.00 at
fres~-stream Mach numbers of 0.40 and 0.50., The engine coambustion sair
was supplied to the turbosupercharger at sea-level conditions and the
propeller was operated at density altitudes from 20 000 to 45,000 feet.
Engins powers ranged from 150 to Z0C0O brake horsepower and onglne
gpeeds from 1100 to 2900 rpm. The blade thrust load distribution was
obtained from two dliametrically opposed slipstrsam survey rakes.
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PROPELLER AND POWER PLANT
A description of the propeller and power plant 1is ag follows:

Propeller
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lrhe actitity fector is a nondimensionsl function of the propelisr
plan form designed to express the Integrated capscity of thae
propeller blade elements for absorbing power (reference 8) and
is expressed as

ALF. _ 100,000 OOOf s D(}{) (B)

where
b blade width at radiws
D propeller dlameter
R propeller radlus to tip
r radiug of any blade slement
The propeller blade-form characteristics are given in figure 1.

A photogreph of an Acroproducts H20C~-162-X11M2 propeller bhlade is shown
in figure 2. . '
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APPARATUS

A fuselage of a YP-47M alrplane with stub wings was installed
in the 20-foot-diameter test section of the wind tunnel with the
thrust axis of theo airplene parallel to and about lz2 inches above
the axis of the test sectlon. The Aeroproducts H20C-162-X11Mz2 pro-
peller and the R-2800-73 engine were incorpora’ced in the eirplane as
shown in figure 3. The englne, was provided with refrigsrated com-
bustion air at sea-level pressure from an external source by a duct
pagsing through the left wing etub and the fuselage to the inlet of
the turbosupercharger. The combustlon-air temperature wes maintained
at approximately 10° F. '

. Pressure and temperaturs surveys were made at all cooling-alr
inl ets and ocutlets and exhasust-gas outlets to determine the internal
momentum losses and exhaust-jet thrust. Pressures were measured by
water manometers and were photographically rccorded. The temneratures
were recorded by self-balancing potentiometers.

Engine horsepower was measured within =2 percent by a calibrated
Pratt & Whitney torquemeter and a pressure gage. Propuleive thiust
was meagured and recorded by the tunnel drag balance, which moasures
the resultant force on the airplene in the direction of the thrust
axis,

A survey was conducted of the total pressure in the propeller
slipstream by two rakes, each consisting of 32 shielded total-head
tubes 2§ inches apart, one on each side of the airplane 46 inches

behind the propeller disk as shown in figure 4. The rakes were
attached o the tunnel wall in the horizontal plane of the thrust
axis and extended %o wlthin thrse-fourths inch of the englne cowling.

PROCEDURE

The readings of temperature, pressure, horsepower, and the
resultant thrust force were obtained for a range of power coefflclents
from 0,30 to 1.00 at free-stream Mach numbers of 0.40 and 0.50. Den-
sity altitudes from 20,00C to 45,000 feet were simulated for engine
powers from 150 to 2000 brake horgepower at engine speeds from 1100
to 2900 rpm. Rune were made with the propeller removed at the
beginning and the end of the program for renges of tunnel airspeeds,
dengity altitudes, and cowl flap deflections.
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REDUCTIOR OF DATA

The extermal drag Dy of the installation was eveluated as the
difference between the to’ca.l drag D and the internal coollng-air
nomentum losses Dy obtained from’ runs with the propeller removed.
The external-drag values obtained at the end of the program were as
much ag 9 percent greater than the values obtained at the begimning
of the program. The increase is abtributed to the deterloration of
the installatlion by distortion of surfaces and accumulation of dird
on the surfaces of the ailrplane. An averege of the two drag coeffi-
clents wes used in calculation of external drag.

An sttempt wes made to correct the installatlon drag for differ~
ences in horizontal buoyancy between propeller-removed and propeller-
operating conditions by the methods glven in references 9 and 10 butb
the results were too inconaistent to be relieble and were therefore
not applied. No effort was made to correct the installation drag
for the effects of the propeller slipstream. The change in freo- \
stream velocity in the plane of the propeller disk resulting from i
inflow, tunnel-wall constriction and yroxlmity of the alrplane '
cowllng was not determined.

The propelier thrust T was determined by

T=TP+DG+Di-TJ

where

TP propulsive thzus’c. read on drag scale, pounés

TJ Jet thrust of exh&xst ga.ses, calcula.ted. from pressure a.nd
temperature surveys in exhaust-ges outlsts, pou.n.ds

The value of T a8 defined is an gpproximate value beoause oorrect:.ons
for tu.nnel-wal'l constriction were not applied.

The thrust coefficient C.I. wag calculated from

pn'?D'?‘
where
p free-stream density, slugs per cubic foot

propeller rotational speed, revolutlions per second
D propeller diameter, feet
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The power coefficlent Cp was calculated from

P
Cp = =
P on3p°

where P 1s the englne power in foot pounds per second. The propeller
efficlency 7 was computed from

"
““(c“)"

where J 18 the ad.vance-d.iameter ratio V/n.D ¥V being the tunnel
free-gtream velocity.

The propeller tip Mach number Mb wes calculated from

M, = M r‘/1+ :;)z

where M, 18 the free-gtream Mach number.

Propeller efficlencies were also determined by the slipstream
\ \survey method described in references 3 and 5 but the results were
\ \inconsistent with the values obtalned from force measurements. The
- surveys are of value, however, in showing the blade thrust load
distribution for various operating conditione. The blade thrust
loading is presented as the rlse in total-head pressure Hg - Hg
acroge the propeller disk where H, 1is the total pressure measured
by the slipstream survey rake and H, 18 the free-sbream tobal
pressure.

The results of the force mesasurements indlcate primerily the
trend of propeller efficlency with changes Iin power cosfficlent and
and advance-diameter ratio because corrections for tunnel-wsall con-
striction effects on the lnstallation were not applied.

RESULTS ARD DISCUSSION

The propeller characterigtics for various blaede loadlng conditions
are presented separately for free-stream Mach numbers of 0.40 and 0.50
because it is not posaible to compare the data obtained at different
free-gtream Mach numbers. Slipstream surveys are presented to illus~
trate blade thrust load distribution In terms of the total-pressure
rise across the propeller disk for certain operating conditions.
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Free-gtream Mach number, 0,40. - The varistion of propellex
efficlency 1 with advence-diameter ratio J for valuse of power
coefficient Cp from 0.30 to 1.CO at a free-stream Mach humber of
0.40 1s shown in figuvre 5. The variabtion of proreller efficiency
with power coefficient is shown in figure 6 for three approximately
congtant values of advance-diameter ratlo. .The dashed curves were
cross~-plotted from an extrapolation of figure S,

.-

The effect of increasing the ;powe.L coefficient from 0.30 to l OO
vas to vreduce the propeller efficiency at low advance-diameter ratios
and to increage the efficiency at high advance-diameter ratiog. The
envelope of the efficiency curves decreased about 8 percont bebtween
advance-diemetor ratios of 1.8C and 4.20. In the range of advence-
dlemeter ratio from 1.70 to 2.40, meximum efficiencies were obtained
at power coefficlents from 0.30 to 0.60. (See fig. 5.) The advance-
diameter ratlio for pesk efficiency increased with power coefficlent,
Serious loseés in propellor efficioncy became evident at values of
advance-Giameteyr ratiog from 1.70 to 2.80 for values of power coeffi-
cients above 0.60, (See figs. 5 and 6.) These losses may be abtri-.
buted to blade stall caused by high operabting angle of atback and by
the nrobeble reduction of the maxirmim sectlon 1lift coefficient asso-
ciated with high operating tip Maech numwbers. (See references 1l°
and 12.) In order to illustrate the magnitude of these losses in -
efficiency, & change in power coefficient fram 0.60 to 0.70 &t an
advance-diameter ratio of 1.75 resulted in a ZO0-percent reduction in
efficiency. A further change in power coefficlent from 0.70 teo 0.90
reduced the efficiency an additional 20 percent. For values of oo
advance-dlsmeter ratic ebove 2,90 the propeller efficlency increased
ag th? power coefficient was increased from O. 30 to 0.80 (figs. 5
ard &

z ST
v

The effect of power coefflcient on blade thrust load distribution
i1s shown by the slipatream surveys in figure 7, which correspond to
the conditions of figure 6 for an a&vance—diameter ratio of 1,75. The
blade thrust load distributions for power coofficilents from O. .30 to
0.59 were uniform and similar except that as the power coefficient was
increased the loading on the outboasrd sections increased more rapidly
than on the inboaid mectione. (See figs. 7(a) to 7(d).) When the
power coefficient was changed from 0.59 to 0.69, blade stall, indi-
cated by a reduction in total-mressure rise, occurred on the outboard
sections, which caused the loading on the inboesrd sections to increase .
(fig. 7(e)). The increased loading on the inboard sections aprarently -
originates fran tip stall. At constant power operation, stalling of
the propeller-blade tlve creates a torgue unbalance for which the
proveller compensatos by an increase in blade angle. The increased
blade sngle causes additional gections inboard of the tips to stall
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and the stall reglon progresses gradually inboard until a etate of
torque equilibrium is reached., Because of the blade angle incroase,
the unstalled inboard sections operate at high 1lift coefficlents and
consaquently the thrust loeding is high. At values of powsr coef-
ficlent of 0.78 amd 0.90 the region of stall extended inboard as far

as (rB/R)2 = 0,40 or more than 35 percent of the blade span. (See
figs. 7(f) and 7(g).)

The differénce between the right-side and left-slde surveys was
apparently due to an upward inclination of the approaching alr astream
0 the propeller axis caused by the lift of the wing. The right, or
downgoing, blades therefore operated at higher angles of attack than
the left, or upgoing, blades and thus produced more thrust, For the
pame reasons, the right blades estalled earlier and the losses due to
stall were slightly greater than for the left bledes., This phencmcnon
is explained in greater detail in references 6 and 13.

The development of blade stall for power coefficlents of 0.70
and 0,90 1s shown in figuree 8 and 9, respectively. For a power
coefficient of 0.70 and an a&vance-diameter ratio of 4.00, the thrust
loading over the blades was very low eapecially at the tip sectlions
(fig. 8(z)). At a constant Cp, a reduction in J wresulted in an
increage of amgle of attack and mection 1ift coefficients; -the thrust
loading increased steadlly up to the stall point. (See figs. 8(b)
and 8(c).) Blade stall was evident @t =m advence-dismeter ratio of
1.73 and at an advance-dlameter ratioc of 1.58 the stall, further
ageravated by increased angle of attack and tip Mach number, extended
to sections as far inboard as (rsﬁR) = 0.40 (fig. 8(e)). The
survey shown in figure 8(e)} illustrates, as previously discussed, that
the right-side blades stall first and the losses in thrust are slightly
greater than on the left-side blades. The stall developed in a similar
manner for a power coefficient of 0.90 except that 1t cccurred at a
somewhat higher advance-diameter ratio owlng to the groeater requlired
blade angle. The initlal stall apparently occurred at an advance-
diameter ratio between 2.34 and 2,07 because &t Z.07 the stall was in
an advanced stage. (See figs. 9(a) and 9(b).) A further reduction
in advance-diameter retio resulted in stalling of all scctions outboard

of (rg/R)Z = 0.40. (figs. 9(c) and 5(d)).

Free-gtresm Mach number, 0.50, -~ The variation of propeller effi-
ciency with advance-diameter ratio for power coefficienta fram 0,30
to 1.00 at a free-ptreanm Mach number of 0.50 ies nresented in figure 10.
The vaxrlation of propeller efficlency with power coefficient at aprrox-
imately constant values of advance-dismeter ratlo is shown in figure 1ll.
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The envelope of the efficlency curves decressed about 11 percent
between advance-diameter ratios of 2.40 and 4.40. An increase in
nower coefficient fram 0.30 to 0.80 at an advance-dlameter ratlio of
annroximetely 2.40 had little effect on the propeller efficiency and
nearly constant maximum efficiencies were obtained. (See fig. 10.)
£s the advance-diamester ratio was increased from 2.40 to 4.40 the
effact of increasing the power cosefficient becams more pronounced.

A change 1n power coefficient from 0.40 to 1.00 st an advance-dismeter
ratlo of 4,40 increased the propsller efficlency by about 40 perdcent.
(See figs. 10 and 11.)

The effect of power coefficlent on blade thrust load distribution
is shown by the slipstresm surveys in figure 12, which correaspond to
conditions of figure 11 for an advance-diemeter ratio of ebout 2.80.
A change in power coefficient from (.30 to 0.83 rssulted in a uniform
Increese In thrust loading over the blade span, There were no slgnif-
icant irregularities in the thrust load distribution curves that would
indicate blade stall at any power coefficient. Similar surveys are
presented in figure 13 for s range of power coefficients from 0.42 to
0.83 at an advance-dlameter ratio of approximetely 4.40. At a powsr
coefficient of 0.42 the thrust loading was very low perticnlarliy on
the outboard sections (fig. 13(a)). As the power coefficient was
increased to 0.93, the thrust loading on the inboard sections remained
nearly constent and the losding on the outboard sections increased
(figs. 15(b) to 13(d))}. The surveys indicate that the thrust loading
at high advance-diamster ratios could be considersbly J_n.crea.sed. before
adverse effects due to stall would be encountered,

Slipstream surveys for power coefficlents of 0.70, 0.90, and 1.00
are presented in figures 14 %o 16, respectlvely, for a.range of
advance-diameter ratios. In general, as the advance-dismeter ratio was
reduced at a given power coefficient the thrust loading on the outboard
gections increased more rapldly than on the inboard sections. Within
the range of advance-diameter ratios investigated, there was no evi-
dence of blade stall for the power coefficients obtained.

4 comparison of figures 14(b) and 8(b) shows that the thrust load
dlstribution curves are slmilar for conditions run at approximsately
the same power coefficient and advance-diameter ratio bubt different
tip Mach numbers. A similar comparison of figures 15(b} and ¢(a)
further indicates that below the stall a moderate Increase in tip
Mech number had little effect on blade thrust load distribubion.
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SUMMARY OF RESULTS

Corrections for the effects of tumnel-wall constriction on
propoller characteristic paramctors and on the installation have not
been applied and the propeller efficiencles therefore only serve to
show the camparative effects of blade loading on propeller performance,
The Investigation in the altitude wind tunnel of the performence at
high blade loadings of an Asroproducts H20C-162-X11M2 four-blade pro-
peller on a YP-47M airplane indicated:

1. At a fros-sgtream Mach nmumber of 0.40, the envelope of the
efficliency curves decreased about 8 percent between advance-dismeter
ratlos of 1.80 and 4.20, Nearly constant maximum efficiencles were
obtained for powser coefficionts frcm 0.30 to 0,80 at advence-
diemeter ratios from 1,70 to 2,40. The sdvance-diameter ratio for
peak officiency increased ag the power coefficient was increcased,

In the low range of advence-diameter ratios (1,70 to 2,80), losses in
propoller efficiency resulting from blade stall occurred at power
coofficlents sbove 0.60; an increass in power coefficient from 0,60
to 0.70 reduced the efficiency as much ag 20 percent. For advance-
dlamotor ratios above 2.90, the propeller afflciency increascd as the
power coefficlent wag increased Ffram Q.30 to 0.80.

2., At a free-stream Mach number of 0,50, the envelops of. the
efficlency curves decreased about 11 percent between advance-diameter
ratlor of 2.40 and 4.40, An increase in power coefficlent from 0,30
to 0.80 at an advance-diameter ratio of 2,40 has little effect on
the propeller efficlency. A change 1n power coefficient from 0,40
to 1,00 at an advence-dismeter ratio of 4 40 increased the ef Ticlency
by about 40 percemt,

3. For conditions below the stall the thrust loading on the
outboard blade mections increased more rapidly than on the inboard
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sections ae the power coefficient was increased or as the advance-

dismeter ratio was decreased. For condlitions beyond the stall the

thrust loading decreaged on the outboard sections and :anreased. on
the inboard sections. .
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Figure 1. - Blade-form curveg for Asroproducts H20C-162-X11M2
four-blade propeller. b, section chord; D, dianmeter;
h, section thickness; R, radius to ®1p; =r, section
1’&&:‘.118. ¢« ¢ o & s o & ® 4 @ 8 w ® w 8 & & 8 6 & 2 & & e e s F"l

Figure 2. - Aeroproducts H20C-162-X1IM2 propeller bhleade, « o F=2

FPigure 3. - Front view of YP-47M airplane with Aeroﬁgfodg;cts
H20C-162-X11M2 four-~blade propeller installed in test
Sec'bion Of altitude W’inﬁ. tumel. * e [] .« @ I. . e e » » e e F"S

Filgurs 4. - Top view of YP-47TM alrplane in teat sectlon of
altitude wind tunnel showing propeller-slipstream survey
raKBSO . * * - . L) L] . L) L] L] L] L L] - l‘ e L] . * L] L] [ ] “ L ] - F—4

Figure 5. - Characterisbice of Aeroproducts H26C-162-X11M2
four-blade propellier on YP-47M airplane at approximate
free-gtream Mach number M, of 0.40. « ¢ ¢'s ¢« s ¢« o o « « F-5

Figure 6. - Effect of power coefIicient Cp on efficiency 1
of Aeroproducts H20C-1682-X11M2 four-blade propeller a:b
approximate free-gtream Mach number Mo of 0.40, . ¢« ¢« « « F=B

Figure 7. - Effect of power coefficient (‘fg on blade thrust
load diptribution at advance-diameter ratio J of approx-
imately 1.75 and free-stream Mach number M, of ‘approxi~
mately 0.40. Aeroproducts H20C-162-X11M2 four-blade
propeller,
(v) Cp, 0.40;
(¢) Cp, 0.489;
(a) Cp, 0.59;

1.76; Mo, 0.40; M, 0.82. .« v o« « o o o F=7
1.85; M_, O.4L; M., 0.80. . . . .. . .F7
1.75; MO, 0.40; M, 0.82. . . . .. . .F-8
1.83; M_, 0.40; M, 0.80. . .. ... .PF-8
1.73; My, 0.38; Mg, 0.79. .+ .+ . v+ o ., F-9
1.71; M_, 0.38; M, 079, « v o v o o o F-9
1.78; Mg, 0.39; M, 0.79. .« . . . i . . F-10
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Flgurc 8., -~ Effect of advance-diamcter ratio J on blade
thrust load distribution at power coefficient Cp. of
approximately 0.70 and free-stream Mach number M, of
approximately 0.40. Aeroproducts HZ0C- 162—X11M2 four-
blade propeller.
(a) Cp, 0.70;

(v) Cp, 0.72; J,
J

J B MO’ 0-40; Mb, 0.51. ¢ s e s e e o F-ll
(¢) Cp, 0.70; &
J

; Ido, 0-4'.0; Mt, 0058- « & &8 e e * 8 F"ll

, 4.06

92

195 M, 0.40; M, 0.69. . . . .. . o F-11
73

58

2
s 2 a2
s 1- ; Lio) 0.38; Mb’ 0-79- s % & & = & & F_lz

1

0-393 Mt, 0-87. a & & & ¢ ¢ = F-lZ h

(a) cp, 0.68;
(e) Cp, 0.70;

5 M,

.

Figure 9, - Effect of advence-diemeter ratio J on blade
thrust load distribution abt power coefficient GP of
approximately 0.90 and free-stream Mach number M, of
epproximately 0.40, Acroproducts H20C-162-X11M2 four-
blade propeller.

(a) Cp, 0.91; J, 2.94; My, 0.40; Mg, 0.59. . v ¢ ¢ + » o F-13
(b) Cp, 0.88; J, 2.07; M,, 0.38; M., 0.69. . . . . . . F-13
(c¢) Cp, O. 90; J, 1.78; My, 0.39; Mg, 0.79. . ¢ 4 v . . . P-14
(d) Cp, 0.89; J, 1.62; M., 0.38; Mg, 0.84. ... ... .F-1l4

Figure 10, - Characterlstics of Aeroproducts H20C-162-X11M2
four-blade propeller on YP-4TM airplane at spproximate free-
gtream Mach number M, of 0.50. I

Figure 1ll, - Effect of power cosefficient Cp on efficlency 1
of Aeroproducts H20C-162-¥11M2 four-blede propeller atb
approximete free-stream Mach mumber M, of 0.50. . . . . . F-16
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Figure 12. - Effect of power coefflcient on blade thrust
load distribution at advance-diameter ratlo J of approx-
imstely 2.80 and free-stream Mech number M, - of approxi-
metely 0.50. Aeroproducts H20C-162-X11M2 four-blads
propeller. '

(a) Cp, 0.29; J, 2.83; M,, 0.49; M., 0.73. e s e s e e s
(b) Cp, 0.41; J, 2.78; My, 0.48; My, 0.73. .« o ¢ & o v
(¢) Cp, 0.50; s 2.84; M, 0.49; 0,74, o o o ¢ s o «

C () Cp, 0.61; 2.83; My, 0.49; s 074 4 o ¢ 0 4 o @

(e) Cp, 0.72; 2.87; Mg, 0.50; Mg, 0.77¢ o % o o & o

(o2
(f) CP’ 0.83; 2.90; MO’ 0.50; I'It, 0.73. ¢ o o e . s e

M,
My,

&4 &1 &1

s

Figure 13. - Effect of power coefficient Cp on blade thrust
load distribution at edvance-dlameter ratio J .of approx-
imately 4.40 and free-streem Mach number M, of approxi-
nstely 0.50, Aeroproducts H20C~-162-X1IMZ2 four~-blade
proreller, .

(a) Cp, 0.42; J, 4.52; M,, 0.49; My, 0.59. . ¢« ¢ o ¢ « &
(b} Cp, 0.48; J, 4.36; M, , 0.50; Mg, 0,6L. « « ¢« « « o &
(C) CP, 0.72; J, 4.41; MO’ 0.50; Mt, 0-61- *» & 8 e & @ @«
(a) Cp, 0.93; J, 4.36; M,, 0.49; M, 0uBle & o o o s o o

Figure 14. - Effect of advance-diameter ratio J on blade
thrust load distribution at power coefficlent Cp of
approximately 0.70 and free-stream Mach number M, of
approximately 0.50. Asroproducts H20C-162-X11M2 four-
blade propeller.

(a) Cp, 0.69; J, 3.4

2; My, 0.49; My, 0.67. o o« ¢ o o o
(b) Cp, 0.70; J, 3.01;
73
8;

C.49; 1 O.7le 4 4 ¢ o o o &
2 J

Mo, 0-50; I“t, 0.77. s &« & ® & s »
MO’ 0.50; Mb’ 008]-. s ¢ 8 & 8 & &

(¢) Cp, 0.72; J, 2.6
(&) Cp, 0.72; J, 2.4
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Flgure 15. - Effect of advance-dismeter ratlc J on the bleade
thrust loed distribution at power coefficient Cp of approx-
imately 0.91 and free-stream Mach mmber M, of approxi-
mately 0.50. Aeroproducts H20C-162-Z11M2 four-blade ~ -
propeller, : .

(a) Cp, 0.93; J, 4.36; M,, 0.49; M., 0.61l. .. . .. . . F-23
(b) Cp, 0.91; J, 3.05; M,, 0.50; Mg, 0,72, .+ . « o v « o F23

Figure 16, -~ Effect of advance~dlameter ratic J -on blade
thrust load distribution at power coefficlent Cp of |
epproximately 1,00 and free-stream Mech number M, of
approximetely 0.50. Aeroproducts H20C-162-X11M2 four-
blade propeller. -
(a) Cps, 1.0L; J, 3.63; My, 0.48; My, 0.64. . . . . . . . F-24

(b) Cp, 1.03; Iy 3.15; M, 0.50; Mg, 0.70. . .. ... .F-24
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mately 1.75 and free-stream Mach number Mgy of approxi-
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Figure 7.- Concluded. Effect of power coefficient Cp on
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blade propeller,
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approximately 0,40. Aeroproduects H20C-162-X11M2 four-blade
propeller.



NACA RM No. E6124

Total-pressure rise, Hy - By 1b/sq £t

F—-13
NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
O Left survey
1s Lo O Right swrvey
o< oo Og0nly o
~
© o ———
10 4
e 4
&
oL 4
—5 f%
=10 7
-15
(a) CP’ C.91; J, 2.94; M,, 0.,40; M, 0.59.
15
@
&0 Eq,;,
10 o /@; chrx¥
s LF : '
m\
o : -o—rro—a—-o—4
. //ﬁ
-10
.1 - 5 7 9 1.1 1.3

.
(rs/R)2

(b) Cp, 0.88; " J, 2.07; W,, 0.38; Mg, 0.69,

Figure 9.- Effect of advance-diameter ratioc J om blade
thrust load distribution at power coefficlent Cp of
approximately 0.90 and free—stream Mach number M, of
approximately 0.40. Aeroproducts B20C-162-X11M2 four-
blade propeller,



F—l4

NACA RM No. E6124

Total-pressure rise, Hg = Hy, 1lb/sq ft

25
2| A oTh
20 LIS .
© j/ \& OLeft survey
2 \ DRight surve
15 | &= N g y
//5 ‘Tik
10 o
r/! KCK )
5 &}&
o [ .
27
-10
{(e) ¢, 0.90; J, 1.78; M_, 0.39; M, 0.79,
NATIJNAL ADV | SORY
COMMITTEE FOR AERONAUTICS
30 .y |
es LIn |/

Fuselage
e
I’

RN

10 [
J

] )[ AL

"

i | 3 .5 o7 .9 1.1 1.3
(rg/R)Z
(d) ¢cp, 0.89; J, 1.62; My, 0.38; M, O.84,
Figure 9.- Concluded., Effect of advance-diameter ratio J on
blade thrust load distribution at power coefficient Cp of
approximately 0.90 and free—stream Mach number My, of

approximately 0,40, Aeroproducts H200-162~X11M2 four-blade
propeller,



Propeller efficieney, n, percent

NAT |ONAL ADVISORY °
COMMITTEE FOR AERONAUTICS

ry

AAP aQp GO0

Approximate
propeller

pawer

coefficient

Cp
0.30
-40
.50
“60
70
.80
.90
1.00

-gﬂmj

50 ' RS

Av/n

Yk

7/ A

Vil
A sl

40
20
2
0
2,2 2,6 3.0 3.4 %.8 4,2 ¢ 4,6

Advance-—diameter ratio, J

Figure 10,~ Characteristiecs of Aeroproduets H20C-162-X11M2 four-blade propeller
on YP-4TH alrplane at approximate free-~stream Mach number W, of 0,50,

*ON WY VIVYN

¥Zi93

L£1—-4



Propeller efficiency, M, peroent

.
apwn L} -
¢ e . a
« o8 s o
e [1] .

NATIONAL ADV(SORY .
COMMITTEE FOR AERONAUT ICS
80 '
o)
- (o) U J o
0 - gt — |
—'D"'—‘—‘_‘__‘— .-—-"'—'—"- ____.--"-ﬂ""
"-‘.‘__.P" /&__——“*
T el
P [
NExtyapolated from Troas l/fﬁ,ff” Approximate

40 plat of figurelo advance—
dlameter
ratlo, J

//,f o 2,40.

- a 2.80

20 A o  3.50

A 4,40

0
.20 30 .40 .50 .60 .70 « 80 .90 1.00

Propeller power coefficient, Cp

Flgure 1l.— Effect of power coefflclent Cp on efficleney m of Aeroproducts H20C~162-
. X11¥2 four~blade propeller at approximate free~stream Mach nmumber Ho of 0,50,

LS

f AN

"ON WY VIVN

Yz 193

9i- 4



NACA RM No. E6124 F-i7

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
o Left survey
D Right survey
10 .Q -
I
sl |9 O-0~0i——1-1
ﬂh
=10 -
-15

Total-pressure rise, H, - H,, 1b/sq ft

-5

=10

~15

(2) Cp, 0.29; J, 2.835 My, 0.49; My, 0.73.

Fusélage

.1 .3 - .5 .7

’ (rg/R)2
(b) Cp, 0.41; J, 2.78; My, 0.48; My, 0.73,
Figure 12,- Effect of power coefficlent Cp on blade thrust

l1oad distribution at advance-diameter ratioco J of approxi-
mately 2.80 and free-stream Mach number M, of approximately

0,50, Aeroproducts H20C-162-X11M2 four-blade propeller,

.9 1.1 1,3



NACA RM No. E6124

Total-pressure rise, Hg ~ R,, 1b/sq ft

F - 18

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

O Left survey
O Right survey

Fuselage
o

(4]

L

=15

(e¢) Cp, 0.50; J, 2.84;

Mo, 0.49; M., 0.74,

15

10

FaseTage|
R\
g

(9]

AN

-5
=10
-15
.1 .3 .5 .7 .9 1.1 1.3
_ (rg/R)2
(d) Ccp, 0.81; T, 2.83; M,, 0.49; M., 0.74,

Figure 12,- Continued,

Effect of power coefficlent Cp on

blade thrust load distributionh at advance~diameter ratilo

J of approximately 2.

of approximately 0,50.

blade propeller,

80 and free-stream Mach number
Aeroprodusts B20C-162-X11M2 four-



-

NACA RM No. E6124

Total-pressure rise, Hg - Hy 1b/sq £t

20
O Left survey
O Right surve
15 4% :s o &8 Y
10 Lfg /;f/’/
5 : \
O /]
-5 -
~10 :
' . NATIONAL ADVISORY
-5 COMMITTEE FOR AERONAUTICS
(e) Cp, 0.72; - J, 2,673 M, 0.50; M., 0,77.
[
to
1]
/-
15| &
R . O-LH
10 ©
5
(o] 43..¢q_£1_.J
-5
=10
-15
o1l . 5 .9 1.1 1,3

7
(rg/R)2
(f) Cp, 0.83; J, 2.90; My, 0.50; Mg, 0.73,

Pigure 12,- Concluded, Effect o{ power coeffielent Cp on
blade thrust load distridbution at advance-diameter ratio J
of approximately 2.80 and free-stream Mach number M, of
approximately 0.,50. Aeroproducts H20C-162-X11M2 four-blade
propeller,

F-19



20 seas atse

NACA RM No. E6124

Total-pressure rise, H, - H,, 1b/sq ft

P sey: N

F
oL-Fszj

-5
ﬂ O Left survey
-10 0O Right survey
s(a) CP' 0.42; J, 4.52; M,, 0.49; M., 0.59,
@ ' :
< S :hzhﬁhi4=3-c5
°r& =0
£
-5
NATIONAL ADVISORY
-10 f COMMITTEE FOR AERONAUTICS
(v) ¢y, 0.49; J, 4.36; My, 0.50; Mg, 0.61,
5
o o5 oo :
oI O~————10—
of
sl Y
w \
-10
(c¢) Cp, 0.72; J, 4.413 My, 0.50; My, 0.6l,
10 g
&
o
5
5 .
° p Lt By
-5
ol
.1 3 S o7 .9 l.1 1.3
(r /R)2
(a) Cp, 0.93; J, 4.36; N, 0.49; M, 0.6l.

Figure 13,- Effect of power coefficlent

Ce

on blade thrust

load distribution at advance-diameter ratio J of approxi-
mately 4,40 and free-stream Mach number Mg ol approximately

0.50, Aeroproducts H20C-162~X11M2 four-blade propeller,



NACA RM No. E6124

NAT IONAL ADV!ISORY
COMMITTEE FOR AERONAUTICS
O Left survey
QO Right survey
1]
o
10 Ha
Z D.D.u«p-c-n-——o-ct:g_&
IR o—— '
0 /5 o—a-5—e-e—
-5 g;? 7
-10
-15

(a) Cp, 0.69; J, 3.42; My, 0.49; M, 0.67,

Ty
w
@
~
L
~—
°
=
1
/-]
>
o
%]
=
15
£ B
2 Jolls b-0-0+—0-C
e =
® © — emd -0
—~ s [I* jf/
3 4
o
©
£ 4
0 YkLﬁhs:,g—quy__
=5
-10
-15
el .3 85 7 .- 1,1 1,3
(l's/R )2

(b} Cp, 0.70; J, 3.01;

Pigure 14,—~ Effeect of a
thrust load distribut
approximately 0.70 a
approximately 0.50.
blade propeller,

Mos 0,493 WM, 0,71, °
dvance-=diameter ratic J on bHlade
ion at power coefficlient Cp of
nd free-stream Mach number ¥, of
Aeroproducts H20C-182-X11MZ2 four-



NACA R

20

15

M No. E6124 F-~22

O Left survey
0 Right survey

Fusellage

=

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

o» 0.50; M., 0.77.

20

15

10

Total-pressure rise, H. - H,, 1b/sq ft

N\
i\

1%

b

e3 .5 .9 1.1 1,3

.7
(rs/'R)2

() Cp, 0.72; - J, 2,48; M., 0.50; M., 0.81.

Fi

gure l4,- Concluded, Effeect of advance-dlameter ratio J on
blade thrust load distribution at power coefficient Cp of

approximately 0,70 and free-stream Mach number M, of

approximately 0.50. Aeroproducts H20C-162-X11¥2 four-~blade
propeller,



NACA RM Nao. E6124 F—23

O Left survey
O Right survey

Fuselage

10

(a) CP' 0093; J. 4.56; lo' 0049; ‘t. 0.61.

&

y
i
i

Total-pressure rise, Hg - Hy, 1b/sq ft

\\o\:\

o S
/ o
-5
NATIONAL ADVISORY
15 | COMMITTEE FOR AERONAUTICS
1 ] ‘5- 7 .9 1.1 1.3
(rg/R)2

(v) &p, 0.91; J, 3.05; M,, 0.50; N, 0.72. .
Figure 15.~ Effect of advance~diameter ratio J on blade
« thrust load distribution at power coefficlent Cp of
approximately 0.81 and free-stream Mach number M, of
approximately 0.50, Aeroproducts H20C-162-X11N2 four=
blade propeller,
: i



I YT T Y YY)

&
NACA RM No. E6124 F—24

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

O Left survey
] Right survey

[
Fusqlage

(a) Cp, 1.01; J, 3.63; M,, 0.48; Mg, 0.64,

'—l
o
uselage

R

Total~pressure rise, H, - H,, 1b/sq ft

o o
-5 ¢

-1

-15 -

-20
.1 .3 .5 .9 1.1 1.3

o7
(rs/ﬂ)z
(p) Cp, 1.033 J, 3.15; Mo, 0.50; MN;, 0.70.

Figure 16,~ Effect of advance~dlameter ratio J on blade
thrust load distribution at power coefficient Cp of
approximately 1.00 and free-~stream Mach number M, of

approximately 0.50. Aeroproducts H20C~-162-X11¥2 four-
blade propeller,



T

| O

1! mﬂnm il

435 0285




